APPENDIX C

Evaluation of the Potential of San Timoteo Creek for

Revegetation with Native Riparian Species, June
2004
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SUITABILITY OF THE SAN TIMOTEQ CREEK FRINGE FOR REVEGETATION
ABSTRALT

I emddy June 2004, 56 il sumple were collectad aleng Han Timoten Creok in s effornt 1o evaluate the aros relative o suitsbiliy Yor mvegomtion
with riparian species. Tha dat set included information on surface and sbmurface soi} texture, serfsce ang subsurtiee sabintly estimates, degth in
the water table, and soil melsture levels 3 10 4 oot bolow the surface. In sddition we moorded the vugelation present neer the sampde points, These
variablen wers mleoted becauss they have beon found 1o be rlevant 1o growth of s variaty of riparian plant spesies, The sample points were
distributed acoonding 1 8 systematio dusign.

Dials sanlysia rovealad that overall the sofl is bassd wward the sandy and of the spectum, slthough it is not wowlly deveid ol cley content Surface
and subrsurfuoe s8] fextiee wore about the sume, Commen o parien species sich as eottonwoad snd willow are vawally swscistod with soils with
high sand content. The soil found in the area s generlly quite sultable for riparisn plast spovies,

The salinity level, ns indicatod by measures of sil slectriesl conductivity, wis Tound 1o be slightly higher on the sirface than a1 34 foot below the
surfaos, This is compton ws milt i3 often brought to the surfsos by capillary sction. Mest of the ares was foursd 1o have satinity levals bolow the
upper wheranee Yol of typicad riparieg species such a3 colionweod and willow—a pogtive finding,

Sandy soil moisture lovels must have a minimum lvel of 2-3% of diy sofl weight befors plants oan pall water o B The molsum content mimt
be highur as the amount of elay In itincrsses, The more clay the greater the difficulty phants have i extracting water. The soil Bund in the stady
arca must bave moisture of  3-5% of dry seil weight for plasts to draw the water oyt because of the provence of some dlay, Mot of the soil
sumplus ted 201l moistieer lovels in this narow range indieating that the sofl contsins 8 fow days supply of water available to plants, Withowt being
recharged in the very pear future, planty plantsd ln this woil would beain 10 show signs of stress sventually beoosming stunind snd decadont or they
might simply die supgesting that the mvegetation with fpurian species should b scecm panisd by pormenen indgation,

The water table wars estimated 1o be 20-401 Foet belivw the sarface, Where willow thrive, the water able §s nol more than about 6 Teat ey pred ot
ware than § foet where cottonwood are typically found in pesk condition, "This fact, In conjunstion with information in the preceding parapraph,
tends vn inexorably w conclads that 4 plenting ofert would bave 1o be sooompanied by iigation in perpetuity. Morm abont irdgution bolow,

Anatysis showed there were 2 major tropds sermys the study ares involving the varisblzs for which das wers collzcted. The frat weml, assounting
for about hal? of the vardance i the duta sot, Is Bor salinity and soil moisture ip increase fom spmtrenm o downstream vidle depth to the water
tuble dosreancy, This means that maore soil mobsture is found in the downstream direction, but this abzmrention, fvomble for dpsrian vegettion, i
o some gxtenyesncelled by the fact that sdinity tovels increaso in the zame dirsetion wod this 13 s negative feature, The soil sdinity lovel conld be
rectified by addition of sulfure acid in conjunction with sprinklo application of sovernt feet of water, The prngine senount of soid und water o sdd
pror scre is determined by a soil anatysis 1o delermine the proportisns of calcium, magnesum, potasdum, sed sedham in the soll sl by sod] ftuee
ansbyses, mapestvely,

The smonnd trend in the dats 5o, one seooumting for abowt 25% of the varianes, wes for elay sontent of the soil 1o inorease a letorm! dintanse from
the stream inereases, Spocies mich as cotnwood and witlow e best adapted 1o sandier soils,

Hoth of the trends foumd in this data sot are fidy common in tiver systems in the anid Seuthwest A1 times of runoll, g8 walor runs bl the system,
i arries both fine and coars matodal. Clom o the siream whers flow is ofien swifl, sapesially during Booils, and fne matorials sl diaselved salt
sz flushed vut of the sofl and re-deposiied in the downstesan direction, Tn the foodplain, sinoe fvirs fow downstroam, # s nol surprising that
dopth f the water table aften desreases in the same direstion and thisis ofion suocinted with higher soil melsture lovels because the water in the
cupillary fringe of the water 1sble is closer 1o the surfhee, ALlmes of heavy punell there may be sonddumble soil moisnwe alf the way o the
surfnes atthes downstrenm end of & stroum,

The exteat of annual irigation required would vary with the extent of winter presipitation, We have developed 2 pestentially applicalle model 1o
przelict the smount of spation moguired Tor trees 10 maks (1o the end ol FIOWING 5Ca%0n,

Pricr to planting additons] sofl sampling should be done in order i soniipm findings in tes nonlysis, This should bs dore Sor subsurface clectricn]
sosstustivity and soil meisture, Surface soll texture s electrical conductivity can be caloulated from squations provided {s appomdic. 2,
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INTRODUCTION -

W collected 56 systeratically distributed somples along the finge of Sa Timoteo Creek in enrly June 2004, Al points are shown
inFigure 1. Ateach point we collected surfioe and subsurface soll for determination of soil texture, surface and subsurfaee
elecirical ponductivity {expressed as millimhos/om), subsurface soll molsture (expressed 18 % of dry goil weight), and an estimate of
depth 1o the water wble. We also recorded the condition, height, and species of plants occurring ot the sample point, 11 the polnt
was i ares of Bare groupd we slmply recorded thiz observation,

The purpose of this repart is twolold: First, w present results of on anslysis of soll and vepetntlon alone San Timstes Creek and,
serond, to briefly describe plang for follow-up revegetation and some potential constenints nespcisted with the offor,

RESULTS

Soil Texturs, We pssign numeric values to represent soll wxures. Detalls of this procedure are presented by Anderson, Russell
and Ohmart (2004}, To quickly summarize the procedure, sand is saslgned negative values with pure sand being -3 and gravelly
sand -4, A loamy soil i assigned o value of 0 and positive value nre assigned s the clay contingent increases, until pure elay, with a
vnlug of 3, i3 reached,

The soil in the San Timoteo Creek survey area tended to be predominantly sandy with surface and subsurface values ranging from 0
o3 {Table 13, The median values (the poin Jividing the sample into habvesd ot the surfsce and sebsarfnee was -1, That the
averages are jower Indicatesan asymmetrical distribution with more values {5lling on the sandy end ond only 3 fow st the clay end
of the distribution '

8

Table 1. Summuary of datas Tor variables on the San Thmoteo Creek in June 2004, 51 and 54 indicate the soil types found on
the surfpee and subsurfyee, respoctively; ECT and ECA refer 1o surfaee snd subsurface eleetvica] conduetivity levels
expressed as millimbos/om; petsm, soll moisture expressed o3 pereent of dry soil weipht; DWT, depth from ihe surfuce 1o the
witer table in feet; 210 = base 10 logarithm of ECY, EC4, and pet, N vefers 1o sample size.

ane Summaries

Ex ] aet 804 el i i inifint b1l i ilnoy
H 55 £ 58 55 5 ) £5 56 E
Wean ot 4454 3043 15193 1ERE | 34,1478 1 somy Rxtei] Lzas FO02
Modian -1.6000 1.0 16700 BO00 | 3R.0000 | 47437 D294 « 11508 Ay
S, Error of Maan AinEa 1 44407 17848 14567 AHTE8 TEIS 200 D4182 5558
S, Daviation BERAS | LOTEIZ L 133889 0 L0En0e | B72428 | S42VR9 140 Bt BB
Minimum 300 300 37 33 20,00 244 o -.51 iz
Saxdmum oa 1.00 £.17 8,35 40,69 | 7854 i B 143
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Figure 1. Location of sampling points on the San Timotes Creek in Loma Linda, At each peint we collected datp relevant to
determining the sultability of the aren for revegetation with native riparian species. The grid represents 100 oot by 100 font
units. The rows of units were numbered sequentinlly bepinning with the row with the first sumple point.
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provides an indiostion ol the amount of di
w%.f%";%%;rsa;ﬁ:fé mmbesfory The way %im 1
: SHATY m those that do %ﬁﬁ’i
§ g thir 3 wailismbos por cﬂzﬁmdei, ': ;@%;}émﬁgﬁy 152 m;m;s i %u piar J‘ﬂ; doweslluptofk _;ézzaimmzz%; sl st
grow wi‘mm M §§2%§$§3§ are igg exen 1 R mmbesiom, bul oven most of These planis begin w Tl whes levels axceed
s wers voughly the seme (Teble 1 for the suribee and subsurfuce sumples ,w:i mami fromm
n. _f‘.‘ ft%*%ﬁzm'ws i f} Hmz%z@ e /‘i with suil textures the median BO valuss were lower than the means indicating distributions
skowed 1o the tght os g resudt of o eeluthvely fow lesge values, The BO dotn in general indloste shat the asmm ares §s stabis in
gomnaiion fior salt sensitive or moderntely sult ilerant species, | s of the shewed nuture of the EC data, oy W
transformed o 4 new series of walues by converting the origingd salues to the base 10 logwithm of the ariginnd volues, A
srarsformation such as this bas the sdvaniage of ?mzmmg putbying values closer o the ﬁ'%h e, For example consider the values 10,
10, and 1000, By tramsforming e with log 10 we get o sow serios with valoes of 1, 2, sad 3. The diffzrence botwoen the lorgess
g srnndient values was 990 in S origingl sel, but e the ponsivrmed sol ii b %;ﬁ reduced 1o 2, This st of transformation is required
in onfer to et sssumptions associated with many statistical snalyses, speciiloally, sarmwing the range Is often hmporiant in
seeting sasumptions

Kol flectrical Condoctivity, Sodl slectzical « :;;“;z'ziizsz:xi'»”%}’ !
‘3%% i the soll, The values ure 4%% fre ymits o “*i §§“§§%4§m%3i
wips from spocies 1o spooles, ‘

The origiant and transformed BEC values are shows in Plg. b The origine! data sbow thar % 016%) of the aurfice samples hovs 80
walues too high Ibr sl seasitive apecie msé:%z a5 cottanwood snd willow, Dpop in e soll prolile 3 0995 of the sample wers above
thiz fmperiant evel. A peither the e

v nor the 3 a,é*s 132’{‘ = wery vielues i exoess of weleranes levels for pwdenssiely salt olomnt
species such a8 seep Mﬁa}wi&r;ﬁw—wwumﬁ PO

eiderberry {Sumhuchuy spl.

Thelos i

<3

& yransformations norpwiized the distributions sufliciently for the data o be used in 2 Sollow-up analysts discussnd below,

Fiaure 1. Electrical eondoetivliy levels (milimbosiomn) in surfuce and subsurface sofl fop) snd the same data transformed
with Ipg 19 transformations in order {5 produece mare nermal distribulions regoired Tor many stutisticn] analyses,

L wid

T,
3

Fremgemny

i3

i yaad

Faprray

Sodl Molsture Lovels, B0l mpisture mast be 23% bn sndy sodl-—perhaps somewhat more than thet in the soil sncountersd in the
assessment area--beiore plants con pull water from il AL sample values of, 2oy, 3% to 6%, there is porhops enough water o las
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b £ 1 shion
v we smksture
g fow snctinh 1o
rengly recommond that planted vegetation by

pluats for only a few dayvs. Aller hat, oo addithomd water berones inb

periods of denravation frees tond o im-fﬁﬁz:%am oeh devadnnt, W%m:zzzma ol thy solf Mmm e Tn this fove 4
fevels prontor than W51 can be seen in Fig. 3 that most of them fall between 2% and 5%, Soi moisture i;:*m
predict that tees planted in teis siiuation would str saphe Tor existon =s§m Wi 55
irvhmsted e porpotulty 1o nsure Jong tonm survival,

e,

st prhassts will begin m%i i wad iy
§

*

The oy 10 tmpsformation of soil moisiere dota was less suscessiad (right graph, Fl. 3 than for the T datn, but it v deemed
adequnte Tor se o the follow-up principal components analvsis discussed belew,

Figure 3, Soll moisture espresssid as 3 percent af dry soif weight, $ Am;;!w wepe tnkien at S8 fert below the surfaee, The
graph on the ol s the row data and that on the mg,,:i:i wis tranformed with log 10 of the data on the o8 in an effort 1o
develop a more normal distvibation,

Ptz b i Bpaiae

o B
ks F o BEPT
o

EE:
St B bum

Doptir to the Water Table (WY1 Most riparian pland specios grow in greas where 355 80 fout or Jess o the waler nble pe at loast 1o
soil that §s more or less pormanently molst, We Just suw that soll moistsre levels are guite Tow, now the DWT dutg show tha the
witer tubie {5 wery Jor below the surfien {Table 13 DWT duta comribute farther o il notion that phanting in these areas would
have 1o b assoriated with Jong term irtigation,
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We now know that, in general, the aren spmpled is at best marginal for typleal riparian species because of great deph 19 the water,
low soll motstare, and, at least 1o some degree, soil salinity levels that are too high for typicad riparian species, B we have not
determined whether some portions of the aren might be better than others. We now turn 1o » different kKind of anslysis in order 10
discern any trends that might be ruaning through the dats set, This analysis will el us what, if anvthing, is “going on™ in the dats
sef--4i glatn set that was systematically collected 1 revenl any trends that might exist.  This analvsis encompasses a few disting
steps that we will ke the reader through in order to Gicilitaie comprehension of what we believe 15 “going on”

butervorrelntions among Variables, The Drst step b o determine the extent to which the variables in the doto set sre
intercoreelated. W there are in fact things going on, by definition, there must be interplay between the varfables sdied, We won'y,
of course, discover any trends that invelve variables for which we collected no data, We're primanily nterested in finding trends

i@;‘ziﬁ&;@z;i to the growth of riparinn vepetation and experience over the past 3 deeandes has taught us what to fook for in a relatively
ghort perind of Hme at reasonable cost that will lead us (o that end.

The extent of Intercorrelations betwesn pairs of variables is pivon in Table 2, There are 2 matrices in the wble, The nue sbove the
migddle show e extent 0 wiich the voriable In the left row correlptes with ihc varisbde at the top of o columy, The nearer this vahue
i5 100 1.0 the higher the correlation. This shows some quite high correlations, for example, 0.810 for log 10 of surfice soil BC and
log 10 of subsurfuce soil EC, There wus also o high negative correlation (-0,.699) Tor 5ol molsture and depth 1o the water table.
This should got un observer's attention, beegse i aﬁ_&&ﬁf*&i& it as 20l molsture ereases depih to the water able decreiges—a
potentially | ampmwﬁ trend in the daty set, However, Tor this and severn] sther correlations that are more or lezs intermediage
botween O and 10, these coryelations tell us nothing about how seriously we shonld whe them, Such infornunion Is, hivwever,
given in the mairix below the mwiddle horizontal line. In this matrix values indicnte the proportion of the time the vhserved
correlations from the upper gatrix could be expected by chance, 10 is more or less standard procedure to ke o value serionsly If
this proportion is .03 or tﬁfwg meaning that the observed correlation could be expected 1o occur only 5 times in 100 by shnple luck,
A value ol 0.801 mesns that the observed correlation could be expeated 1o ceour only once por 1000 wisls by luck. 1 the value given
is 0060 1t means that the chances of the observed correlation bzzmi* due 1o chance are some unspeeilied value Jess than 1 in 1000
trinls, The total number of pair wise comparisons is equal o M X (N-1372 where N is the number of varlables (8), Thus the number
of comparisons b 28, Among them 20 (7195} should, by statistical convention, be taken seriously, Among these 20 correlations
Hofthem had values less than 001, Overall this is egcouraging H we are, in faet, hopeful that something is going on in the duta
set-—there profably are things going on. This makes potentially meaningfil a subsegpeent wfTor o ey o define these tremdy,

Table 2, Intercorrelations between pairs of variables for which data were collected along San Timoteo Cresk in
June 2004, Varlables are defined as in Tabie 1.

Corralation Maolix
latt  disy 1 54 dwt Ii0st lgi0ed Igiloct

Corrgiation ial -0.444 0238 0980 0102 0439 -0.370 0307
disu 3,130 0960 -0.225 0520 0830 0413
51 0.516 0185 0172 0254 0285
54 -0.395 0006 0185 (408
dwt AL 488 0407 0685
Ig1det 0.810  0.687
o104 {668
ig10pct

Big. {1-iaied) latd 0.000 0.039 0080 0228 0000 0.002 0011
disu 8170 0118 0.048 0000 0000 4009
51 0000 0086 0102 0030 ooy
54 0.001 0483 0085 0.0
it 0000 o007 Q000
igidet 0060 0.000
igiled 31000

Igtipct
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Principal Components Analysis, Principsl cenponents analvels s o multiveriate snalyties] im:hmqm {ons that mrxs:dm sevarral
variables shmullaneously’) desipnad to provide a matbematical description of any trends that ocour in the data set, IF therd are trends
the varfence associated with the variables included in the analvais that are sssocisted with o trend will “oxplained” these trend. The
proportion of the virisnce explained for a glven variable i3 referred 10 in technical terms as the communality,

Communaiities. Ina pefect world, whigeail of the verisnce associated with all of the variables 15 explained the communalitics,
would be 1.0 for cech variable. Tn tis analysis the variance sssociated with DWT least well explsined (154, Toble 3% The greatest
amount of the varkuwes expisined was 0,784 for Jog 10 of the soil molsture, Those date roveal that st least hall, and for 4 varisbles,
72% or more, of ihe variance for the variables wis explaioed (aitribatable to trends) by the sonlysls. Now we will spend some time
defining thess remle,

Table 3. Communalities of variables used in a principal components analysis of the San Timoteo soil data set.
The values under the “Extraction” column represents the proporion of the vatlance accounted for in the
analysis, The analysis is optimal if the explained variance, that is, the communality, is 1.0, but this virtually
neyer happens, Latd refers o lateral distance from the stream; disu, distance from the upstream end of the
araa Investigated; 51 and s4, surface and subsuface soll texture, respectively; dwi, depth to the waler table;
ig10e1 and kyi0ed, the base 10 logarithm of surface and subsurface electrical conductivity values, respectively;
1g16pet, base 10 logarithm of soil moisture expressed as percent of dry soli weight.

Communalifies
Extruclion
lted BE5
hiny Ba7
51 e
84 Wl
chort 535
by ien 785
_ oy 1Ced 780
fg10pet 784

Extraction Methmt Princpad Componert Analysis.

The Trends. The analysis determined tat therss were 2 mujor trends in the dato set. The extent to which cach varinble is nesociated
with a trend or component is given by 2 valoe from O fo 1.0 where e former means no relationship and the latter means » pafert
relationship. The sompopent ie defined by the variables thet are most associated with iL Thus on the firsd component we see that
Iog 13 of the soil mobshue seoves (p10pet) iz lghest 2t 0.875, while log 10 of surfuce and subsurles BO are chose behinsd (0,872
mrd (L8527, respoctively. Thstunce From the upstrenm end {disu] 12, at D.683, quite high as is depth o the water table ot -0.67%. We
interpret this as 4 rend for the mafber and subsurfoee salinity 1o increase a8 sotl mojsture tocrenses and that bedh of thess tend o
increase ob further distances from the upatrenm end of the gite and where depth i te water i2ble iz loset, There ds, st the same fime,
a tandency for DWT o decrease in the dovwnstresm direction.

To repheose, # means that soil molsture i grealest where cﬁr:pih to the water tuble s leasd but thid st these places soil salinity is
greatest pd that these conditions are most Bkely to oocur in the dovastresmm direction. Thus, il one is looking Tor relatively grest
aoil medgtes § will be found in the downsiream direction and will be asmocisted with the highest sodl salinily levels,

But how mmportant is this wend?

The ttal variance i the data set s zqual 1o the number of variables in the dals set, thus, 8. The Wﬂim of the todal varamee
wwplnined by o piven coprponest s delermined by squaring the values of esch variable sssociated with o given component in Table
4, "The sum of these squsned values vields 8 mumber equal to the proportion of the totad varisnee Ut i3 scoounted for by this
component.  In the present analysis the squsred values mummed for the fing component comes 16 3.64 or 43.6% of the lotal
variance in the dats set {Table 5. This trerd, theelore, is bype epough 1o socount for nesrdy ball of the varissce In the data sel—a
propartion large encugh o wirrant serdows atiention in evalusting the area for mvegetation.
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The second somponent indicates tat surface ond subsurfice s0il tend 1o have greater cliy content at grester distances Interal 1o the
stream (Table 43 This component accounts for an additional 22% of the varisnce In the data set (Table 3), and tells us that sandier
soil, generally more sultable for riparian vegutation, was found at points closer to the channel, Thus the 2 trends in the data account
for ubout 68% ol the variance. The second component informs us that the soil is most approprinte for riparign species ol points
clozer o the channe],

Table 4, Statistical description of 2 principal components found in the San Timoteo Creck study area, With a
parfect association with the component the values would be 1.0 or 0 with no association. If the values under
each component are squared and summed the total equals the variance explained by the principal component,
The total variance is equal to the number of variables (8). The sum of the squared values are given in Table 5,
latd refers to lateral distance from siream; disy, distance from the upstream end of the area investigated; 51
and 54, surface and subsurface soil texture, respectively; dwt, depth to the water table; Ig10e1 and y10e4, the
base 10 logarithm of surface and subsurface electrieal conductivity values, raspectively; lgt8pct, hage 10
logarithm of soil moisture expressed as percent of dry soil weight.

GComponent Matri?
Componant
K L
. latd T aag 881
' disu ' BES - 260
41 347 00 o
54 ATE 5B
that - 578 ~ 274
| | Ig10et 852 - 261
ig10ed B2 - 143
1 0pat B¥8 J1E

Extraction Method: Princlpal Component Analysis.
8. 2 componenis extracted,

Table 5, Sum of the proportions squared for each variable on each of 2 principal components {Table 4} for data
collected on the San Timoteo Creek study area.

Tolal Varanca Exy

Initigl Eigenvalues Extraction Sums of Squa

Tolal % of Variance Cumulatiye 9 Total % of Varanca

384 ' 4555 4555 3.54 45,55
AT 22.08 657,62 1,77 22406

The Vepetation, Actunlly, it iz the absence of vepetation that is the most obvious charactieristic of this siudy area {Figs, 493, Bare
ground accounted for 56% of the entire area encompassed by the study, The absence of wenetation reflects disturbonce miore then
genersl unsuitability of the ares for vegetmtion, In places some species are tudving.

The most numerous plants are these Blling e the category of sunuals-those species that eomplete their life cyele and diz within o
single vear, often o single season. Annunls are prosent in snearly every photograph in Figs, 4.9, There were several specios of
annuals, incinding Russion thistle (Salvola theriva). Collectively ansunls ncconmted for about 15% of the grousd cover in the area
investigated,
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Perennials, those plant species that live for more then o single year, were fow in variety and number. There were 2 kinds of shrubs,
California buckwheat (Eriogomun fasciculatian), common along the fence In the aren where samples 30-44 were ke (Fig, 7, 10,

s

snd britle bush, (Encelin farinesg) an example of o plant 1olerant of harsh, dry conditions (Fig. 7, middle),

The encomous cottonwood shown in the bottom photegraph in Fig. 8, the area where samples 45-36 were tthon, provides
unequivocal evidence that it 5 possible for this species 1o Hive In the sron, W must keep in mind, though, Sat conditions when this
ree got started, some 69-80 years ago, could have been, and probably werg, substantially different than sow. Non-native pepper
iregs (Sohiau mofled, on import from South Americs, were also obaerved (Fig, 4, bottom)

S
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Figure 4. Boil collegtion site Tor snmples 1 und 2. Both phatopranhs wers taken 3 June 2004 lnoking MW from sorth of
Bartua Hoad end Californis Street intersection, Mole the prevalence of bure ground and dead oy dytng annuals, The treg in
the apper lefl of the lower phutograph I 5 penper ivee,
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Figyre 5, Soil collection site Tor sumple 3-20. Top, loaking north from the middle of the south end of the site, Fusteastof
Mountaln View. Bottom, Losking MNE from the middle of the south end of the sile, sls just east of Mountsin View, The tree,
top phutagraph, is eucalyptus (Bucalyptus sp). The botiom photugraph is sn agriculivral feld; the tall trees in the upper
right are sucalypius,
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o

Flgure 6, Soll collection site Jor samples 26-38 taken 3. June 2004, looking west from Poplar Street, on the south side of the
ereeh, This photograph shows prominently the extest of bare pround (apriculiural feldd and the presence of spnualy.

.
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Figure 7, Boll cullection sile for satoplesd®~44 talien 3 June 2084 Top, looking west from Andersan Bt an the nerthrside of
San Thuolee Ureel.  Middie, tlose-up of 3 shrab, belttebush {(Encelle ferinosa), common in the ares. Boltom, eless-up of
another shrub, Californto buckwheat (Erigonium fasclenlapum), growing along the fence in the fup photograph,
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Figure %, Sofl cellection site for sumples 45, 46, 48, 49, 3136 tudien 3 June THM. Tap, Jeoking west frang Amde
the south shiz of San Vimeteo Creek. Bottom, mature eotionwond trees | Popfies fromoniii

sl 35,

™

s Birest an
i the vicinity of sample sites 39
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REVEGETATING THE 5AN TIMOTEQ STRIP

The most sorious diTculty ausochated with revegeinting s ares is the provalence of dry soll. In general ted soil lexture Is sultable
for revegetstion with shinost any species, although i s dense enpugh that divization should be done with care, Snlinity levels sre not
serious ol aboul 15 poiis, ::u:v:}s;mm% for 27% of the aren, are margingily suiteble or unsultable Tor solt sensitive spocies, One of
these relatively saline areos is mvmammﬁ in the aren where anmpiﬁ ,;{i 38 were collected (APN 283101409, 2E5-092-01), another
where somples 46-33 (APN 283-062-38, TR3-062-34) were colleoted. In the first of these there sare ather positive points that
mz’i:ﬁiév offsrt the salinity levels, inc szdmg a water ble being somewhat closer to the surfioe and soll with prester moisture fevels
than in any other streich of the sample aren,

I 1 wore deemed imperative 1o plant nothing but sall sensitive spocics in this area the lond could be ensily reclaimed by adding
sulfurde aeld he precise smount detennined by the amount of patnssive, caleium, mapnesium, and sodisgn in the seil) followed by
slow application of abowt 3-4 feet ol water with sprinklers, Thiz procedure would reduce sallnity lovels by 30%% o moderate cont and
woithd need to be done only in the arcas eited in the preceding poragraph. With ierigation in perpetuity, carcfil irrigation procedures
in the initinl vears might, alone, be adequate Tor planting salt sensitive species, but we emphasize that this jrrigation water must be
very attentively applind,

The irrigation use v witl vary from yeur to year and will be selated weominfall, The amount of water that will be raguieed sl
the period over which it should S added is related to the extent of winter prm:sg:eamismt We have developed n mode] %3345 will be
useful tn making these determination in the mest appropriste and least expensive way (Anderson, Russell, and Vasguer 20007,

=

1t should be emphasized that sl plants 1o be planted should be derived from seeds or cuttings from loeal gepstie stock, This will
help better lnsure planting individusls Yot wre best adapted w the loeal suite of conditions, This means it ane canpst deelde on
pne day 1o rovegeinte un srea and then buy trees for the effort on the next doy, There must be o lead time encomp: waing 2 or 3
months for colletiinn of material and ﬁw::kﬁpm;,m of snplings and that thls must bapin In winteefearly spring.

Before any Tl planting desluns are deve iz.;tgn,sﬁ a more intensive soil sampling offon should be conducted. While the present
wzxgﬁsmz effort is sufficient to msmﬁﬁ, the precision pegessary o make a sound decision abowt what species should be planted ther
is the possibillty that copditions will change by the thng the gz«hm%mgﬁ will notuslly take plece. At least 15 additiona! points should by
systematically distributed oross the plasting aren to corroborate findings prosented here, Io this snapling effurt i would be
pressary o ubtain data for subsurfuce EC and soil moisture. The other varisbles can be prodicted within » reasonable range of
condidence with the cquntions in Appendiy 2, thus reducing tme and cost required for the offorg,

The general apgronch to sovegeiation hat we have developed over the past 7 dezades or so §s presented in Appendin |
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Table 6. Plant species that may be approprinte Tor includion in revegeiation efforts along San Timotes Creek,

Sailt Planting
Species iolerance density
Treos
Cottonwood (Pootdus fremoniil) sensitive 18 & =134/a0
Black willow (Saifx goodingi) sensiiive 18 ft =13d/an
Arroo willow {Sallx lasiolepis) sensilive 18 1t =1 3dian
Sycamore [Platanus racimosa) utknown 18§ =134/
Californin white oak {Querous Inhals) unknown 18 #t =134/
Shrubs
tule 1ot (Bacchars saficifolia) moderaiely logimnl 15 fi=104/ac
Sandbar willow (Sitix exipua) sensiive 15 fi=184/ac
Eldarberry (Sambuchus maxicans) unknown 15 f=184d/ac
Blueg siderbarry {5, cerulea) unknown 15 f=184/n0
Cumitbush {Alripler cannescens) inleran 15 fi=1Gdinn

&
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Appendix 1. The nine step revegetation plan, from Anderson, Rossell, and Ohmart (2064, pp 39-53), -

tuteodustan

The MineStep Plan wan doveloped 25 o pozsdigrn In which roeesseh would be superimposed on rovegrinrion «fforis (Andemon 1999, Andorsen il Laymon
TEEBL Tl gl veas 1o develup 2 rovegoistion method that would inteprats site condithons and Geld methods 1 grovwtl snd survival of species pinniod, thus dnswring
wyarsil suciess of the prdset, Knewledge obtained from proviows projects was wsed 1o determine which species i plaint ass] where 2o plant them bn mbsequen
proiects, as well 2 the manuponest metheds 1o ue, :

Step 1 Prelimingry Analysis

Frliminary dats from o prospoctive site s tvalusble in prodent dovelopmen of plans it o be successfially exesutad. Prefininary somphing will peaally bower
orats Al reduce Frestostion (Kheen 1979 The proliminoey snslysts phase of the Mine-Step Plan involves coltecting soll 51 15 {or eonugh i bepensively foilinie 2
sesosble catsmate of vitiation} systematically svlevted samphe points por 168 ha. At each sample poing 2 soil samples e token, 1 near the susfoe, and the ather jon
whorve the water 4ndile, or ol 3 H the water teble §s more than 2-2.5 1 below the surfase, Por onch of these ramples soil texiunes, sloctrioat carsrhnibv ity (B, sell
sasisiuse, st surloe-to-wator-table depih aee determined. I possible o water pamgile b takoon peud the BO i detepmined e U Prefiminary anadysis aleo wsanily
includes a veguindion snslyiis thie provides of least s pertisd Dz of plosis seourring in the ares 5o well a5 revealing the sl conditions i which they o fousd, This
infermation prvides clice shoin e potestisl for competition frons woods amd roveals healih of cxtint vegetotion, This i & Tt finding step where dimate, grok
teatums oiler than soll, development of moals, and any ether anciliary ltoms or aotions sl wosld be solevant ot outtesse o the prmjest are dakon ins
somsideenting,

Flevtricsd oomdutiy
of aalt Iy e sl

Satwity sl teaiee 6 surfeoe sumples g imponiad variables obated o gorsrinntion s Rng-derm persistonce of vegetation bypes planted, Low salinity and
smediven Ao B detures such s sendy Ipamogr silly elpy prosods gormination and survival of seedtings. Such soils retaln mobsture ot Jonger pesiods D sand afier
rainfill, tins affwwing tion for goeminaton, High salinity meens water is Jeas avaiiably Tor plants to wee, Waser ifTses from paws it are Tow Jn sulinity 1 aress of
fizher selinlty. 1 ihe salt cpncentration in the soll i Joss than In the plant’s viscular sysiom, woter will move from the soil iate the plaml ot As D salingty of the
sail incromees and approsches that of the plant visoular tasers, the ability Tor the plant 1o catrant water decreases. 18 35 therefore hunder for plants 1o extract water B
sating seils. Slmilarly, olay soils hebd water oo tghily et much of the water prosent is soavailable for plant wse. Finer soils do not readily shsorh molstues ond gus
susely of e watey Troms 2iorms 18 Jest fo sune il and evaporation frons tomporary ponds Bomed on the surfaes, We rostingly detenmine soif moiviun bovels of the
warbins snil types nssnainted with a spedific project site.

Satinity and toxiure of sulsusfbeaaolls s alse lmportast, Our findings ndloate that subserfice BU & o Important Seter fy srowid of eottonwoad Papules
fremesti, willow Sabix spp. snd mesquite Prosophs spp. Sumples eoflocted desp b the soll profile are wsed 1o duterming wiich species oould by supreoted e survive
and, therefors, whish species to plant, Sslinity and drought tleranees o candidate spevics are primary considenntions, -

Lritn shtnined Trom preliminaey anelyals B not extonaive enough (0 promil scoueste imapping of the distribution of s varisble soross 5 site, 1t s semetimes lompting
to delinsete aovepiable porfons of the site snd crente a plonting dexign o e basls of this rarging? eadvsls, i vould he neeriows prror (o cotond i adeguste
sungpiing oifian o that cent, To chmumvent this tempdation we shrw woumbered smnpng points on g map of the site and g the datn in 5 table (Table 371
Faither tie points on The mep aor the dals in the e we nwmbered. This effcotvely preclades mbase, Final determinstion of what should be planted should s be
resaebe st b proliminary suealysis b complote, Any prarantecs relidive to suecess shonld net be msde until thin couclal infemation bs availablo. This B (e step tha
prists skl thinking in Hoo with waliis,

Data for w prolimingey sanpling offort s provented in Toble 3.4, I this case the profect sponsns wanted 1o plant exslusively cottsawond s willw, The
subsurfioce sodl ad bigh EC valoes, with 0% of thom buing In oxcess of 3.0 mmboslon, the valug considersd 16 be the Gresholid beyond which sonemeand nnd
witlow ge o significedd dooling, BO fevels indbonting Yigh soll solt concentrations were slao appaont b the surfice il aodd i waier Trom the water bl
Subanrfoe soll values ndiveted much send evenpt in 1 snmple, seprosenting shbot i the slte, where clay pesdaminsted. High subsurfiee 50 levels slone and 2
variables in combination suggeted e wauitability of this site for the Inended plast spevies, The plant species present in the profiminaey soalysls indicated thee the
site v a8 that thme dombuted by salicedur Yemnnis remorissima and srevvwesd Placiies seross, bl Uit seeewhenn Prosopls pubeanens was slan prosent on
porbiaps Mt of tha site. This vformation tols ve that the putentist for competition from selicedar s moderately Sigh tn bigh. We reported 1hat not more than 2075 of
it wite s sulteble for the intended species. O the Boasts of the findings of the preliminary analysis, plans for the sity were drpitionlly alwsd,

Bkipping deis prelbuinary nantyais o ave tme oflon sealts & foss o Bme wnd mones. The pelimingsy anslyals Is the way 1o determing i the site s seitable T
intended purpasvs, svaluate potestiat problesis, snd deformine aciions 1o ke befom investing Ume sad oifiet inte B other steps of the MineStep Flan, The maler
wapeed of the sampling design that o be determined fromm Uie prodiminasy sulyss s the smeunt of intonsive sampling that neeis i be done snee e 2ot
sevegeiation ifon beglis, In goverad, the prester the variation u pedinvionry date, tee ey the samply slee seguleed 1o develop vuib maps 0 the variatiog
smzonisted with sweeologiosl varinbles sowss paiie.

Bep 2 Propagastion
Lompings anid sewsbs aee dnken from loal genetic siock. 1 i most destrable o oullesl Y sultings o soeds Trom sick growing as ciuss s pessible to the revegetation
sitp. Buch propagules sre more Beely 10 develop Into plants Bt are sdapied 1o the omlitivas of the site ten if colleoted plsendore.

Cotterwied md willew ane generally propagated Som slem oulthigs, whils mesguie, palo verde Cereldinm spp, and several species of shibs are popegsted
From soede. Uottonwpod and willow culiings are made Yo brpnches contabsing Jaters] o7 tenming] buds belbre new shoots emerge during winter or muly spring
Padds or speds of Pado verde snd mosgpuite are collectedd froatns below trovss missiguite seeds are sl cotlontod Trom covote or herbiogss souls,

Cuttings of eoltonwood sud willew s sected i 264-n pots, Detbre they sw insenied they are gonomily troated with a prowth hormens such a9 indelsbutyric asid e
proong ol development. Polting soll Includos s mistue of oqual postionz of sendy suil from hebitats by the ares o encowage srisonizal fmply, vennizultite, and
prat wwss, Blicondizal fangd help in tee uptake of mutvients Trom the 208 ssemming nultionts are pesent above cotain minimal levels. Suplngs ar e watzsd daily
anid regulte B-12 wooks 15 develup to o slage sdoguate Ty planting,

Mesguite, pato vende, and saltbunh sceds s s b 260 pots, ped satered dadly wnnd the seodlings rach plantng boelpht. Mosquite snd polo vorde sopies moe
thne fo reach planting size than cotlonwood amd willow aafings,

When planted, the seadlings o saplings should be st losst 30 o i and be in goodto-encelleont conditlon. These that sre planted when they are mugh Jess than 30
aan sall or arg in posedp-air condithon temd to Beenme stnnded or die, nover siaiing o Beleht suitshle 1o slirser much wililife, We overprodiss seedlings and snplings
By 0% ar pore, This ernases et salficient plants of Bigh quality will be svailable o pluging,

SBtep 3 Sl Preparstion

Bie prepreation crdinarily lovolves clearing snd leveling D sme with 2 butideser over g much of e sres 23 deemed nocesssry, This clearing b done scleciively,
s snving any extant vegetation deamed valuable to wildble, Surface soils in many of the Boodplsing mre nos “natursl” now et sal and debris bave builiup sinee
canstruetbion ol majar dams. Spersdic stremn Hooding fonmerty ehosked el acoumulation, Lesving this surfocs sadt in place s detrimental 1p plant growil sl
survival snd sonaders success of sovegeintion profeots doubsiul sl redooe prospests iy goonination.

i a mewmure of totd seloble matoriel exizacted Bom 2 watee saturated seil pavie, B values obinived are bighly correlaed with the amoum
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The proseduse that bas been used by sgencies trying o seve mongy, while being envirsamentally " lemdly,” is 10 cloar only the wp wogsintion wiile lpaving fhe
satt peftively undistusbed. The consequences of such o peecedare thratens the pessibility of having suesesslil prodocts, 1 salioedar 15 pemzedl the vool Spowend are
fefh itast, and the saltuedar trees re-sprowt and grosy vigneously sl sapldly, The only effestive way 10 %I e roswining salisedar s by herhicide application or by
dhigging st the reots, Both ways e expensive sndd oan deley plantiog, Herbichie can damape sy plants et may alrosdy have been planted, svon vibien cagefilly
apptivd. Partbenmore, orovns and soots Jefll intast woold secupy planting posltions, impuiing filege or mmbing Ulinee nseless~ 1o0u of sirviving salivedar wonl)
sptickdy proew into adiseen supored holes afler Inipation atns.

Stumps et rerain also canse demags to oquipmant such o backBioss and ks used for sugering and/er planting, W bave boon involved with prajects where
saftcedar was clenrod ot the surface. Stumps were speyyed with herbicide. The sumps, prodruded Trom e gooamt snd punctieed trsctor sl buckhos Hins, 5 single
thie gan opst i mach a3 3L000 to replace nol Inchading added labor costs sl delavs. Seldom b the funding aenoy willing to cover thess ueplanned couls, Anather
eomgipenns it salls et have secamulated oo the surfece comala there 1 Inhibit seowth end survivel of prgmgated plants wwd provest gormination,

The sHemutive procedurs i fe sorspe the tnp 10 om or 9o fom the suefice and to ous the salicedar srowns 8t least 0.3 m below the surface. With $his prosesdus
sadtemaday are kifled while topsoil sl scenmulsted surfios saity mre pushed 1o the site periphery or inte e whese st are legs Blely B interfors with developmen
ol any planted vegoiatinn. Thiz ale saves tme and mouey in that the amesint of weeding requived would b greatly duced, and zoulpment demaged less frenuently,
Frwet abasasies o pland growth poanit mone grosh sl susvival, This sethod i, n the Jong nu, seore sovienmentally “friemily™ tan the oiher sltonative,

Siep 4: Infensive Suil Snalysiy

Intensive sempling invelves tddng seil smmples ot 10-30% of ol plaving pelmtz on B m venters (rouglhly 250/0a). A minimam of 30 ssmple points 22¢ typicslly
lanned for wach species, but 3t s undikely B the variation in vasiables sevoss e shie can be alegoutnly roprosentad with aply 36 Individuals of gnch speaies 80 or
Eiit vl b vnte rotistie. st aleo B heen dn mind that Sor amall 01 or 3 el prodecss the noad oy eelatively Targe suenples of sonitseed plants does not diuinish
St Banse e sheormanes. Un senall prigects we allen messurs all or st beast hail of the ooy plasted. Sampling, dene with o sufflclent goastity of puints
appruprintely distrilasted vvar the site allows acourste mapping of the Jisribotion of salts, nutrients, soll toxlire nd modsiure, o dopth 3 the swater table scroms the
iz, For ench merolngied frtor, we detormine soltability oy spectes 10 be planied. Az 2on be seon on o siie In e lower Unlords Biver (Fig, 113, snscalogion]
variabiles {particotily soll BO sad donture) wop highly variable, Hipgh vasbability I wapectosd with 50 but oflen socurs I soll toxtre snd slepth 5 water table ss well,
and thene allon yazy mdepondently. Sutabillty Is determingd by considering ol suteonlogivsl conditions for shich dita wore collected. A species B consliorsd 1 be
suitadle for plantiag ot o gheos poist only i sone of the sulsestopiost Dotns considered f HmBing, Por noes suitabe o more thon §apeces, the sultable spesies
b pluntead soull be the one with the greater witdlise value (for canmple pomtomwood {n arsas suitable for bolli cotipnwend st mesqaity), With tis infnatipn 2
planting desigs b developed dn such » vy that, with e exooptinn of the oxperinuestal boles, planting will neour ouly 31 padis whars growth con be wpested e be o
o mas st for onch specien, Bk snd of experimental holss I plasted with the sime soquence of vach sproiss to be moniiossd,

38 i alenont & atinsd desiee 10 havie n detsited planting design bused oo peeliminnry soll sammpling. A ssoment's reflection will spepest the folly associued with mis
destre. i the prelioinary analyels indiontos that 5 site s worthwhile for revegemtion, dw intorsive soil sampling cen be done sfler clearing. 3 is aften oo costhy furd
inapproprisind o be mctical privr o dnitistion of the projed betise bowey vogotatlon Mnsders Jooating sampling paviels mad gots b the way of pempding equinment.
Bubssyuant vhearing would elimingte the sumpling boles sl meke B 0iTnl 1o ploce sporimentsl plonts o the smmpling holes, Without itensive 2ol smpling
dhistat, s planting design would be based e gaessing und wishii thinking, These, of course, fiave no place in a mientitic approsch 1 revegenafon. Such peosdreg
frave the sulooms e chanco——prowth aad srvivel beoome matters of laeh

Sappting point are somagod in groups of 3 o conseastive sugurd Boles Thore s 3 malor roasens for using this procedune, Flest, sels of % are wsefil in
wutiining horders sl seandthens S areas of bigh 20, o ysmithons inveleing B0l soil tvpe, Seeond, sete oF 5 e vy 1o Tl in the veas Doflowhng plasing,
eappintly when they consiet of 3 congistent sequenes sush as soltenwond, willaw, ooy mosyuile Prsepls tlasduloss, sorowbenn, guntibush Atiplex lentithomis,
Faar thee gt sovernd sonths afier plasting plasis o be manitosed am saey 10 fad, Bt Soun the seoond venr on they gan he SiTeult o impossibile i losple-—sspecislly
't drvigation systom has been smmwoved [ problens oversome with 1395 undis), A distinetive seguence of plants can often be spoited 42 & disbes o 2o be readily
identified ne n partioder provp. Plastlng ees for mondieriey sinply can pose pobiems, Fven bn the feel voar measering rudeomly distriboied singls ioes 5 a0
sxrrseiatiogly tlow prscos. I they are systematically disuibmied finding tem is muarginelly Tanter i the Tind vesr, but Sading moniiored phass hocomes newiy
impassibile fboy zowme plants by the time the wees sre 7 o more yors old,

Btep 5 Tillage

Titlage for trpes §s soessnpiished by anguring boles with o misiomm Jemvter of 40 sm o 2 dopth ol 2.8 m v 1o the weater 1nble. This methed, sometimes cabled
varticat iiftage, afives for cpid rool penciration W the water tabie, Seo Clupter 3 for mpss information convemibng the bnposinee of B,

We secomptish Hiage by ssovnting 5 proser head vn the vight side of the ot bucket on o Suckhor, W use o 30bom Qismster napsr with sebi vwelided 1o the
edgey b order o pedoce the rale of wewr, A D oxtonsion 1 hooked dusstly o the power beod asd the suzer Is sonscgied 1 the cxtongiog, The front bucket can be
vuisnid Just Bigh anough to move lmim pomil o polnt without dragging the suger. We use 2 02300 sories Jobn Deore buchiios of squivalest, The power svaflable is
sefficlont b auger o bole by sboat §anbae when the soil {5 sandy or fine sand 1o 2 depth of 2.5 m. Dieilting rte slows significantty ns the s of giny, sxpesially
dey wlay, in the soif incresscs, mauining up o 18 min e doill o o depth of 1.8 . Often the povwer 2 inndeguats 1o il deepar,

When chay saits are frvobend and the profile of the sell is relistively dry the spinning suger ofien polishes the sides of the hele. In cssence we create 4 Jargs “pot” 1.3
wm dheep and 40 2m o dlemeter. 1 seeme that such “pai™ would crosie e snviromment in which troes weuld not survive or would be smnted, This s 1 Gy
eattsnwod and willew, but boney mcsguite Prosopie glenduloss aod aisilbash plaated by guch “pats™ bave theived swhen provided with water during e grawing
seasor., Balt fovals In these allustions sust be bebiw 8 mmbosfem for survival of mesguie wd below 12 munbovom for sorvival of quailbush,

Biep fr Trrigation Sydem Deslpn and Insialisiion

We genvrstily use wn irdgation systom ponstsbng of L3 mm ack pelvethylone dep midng cmansting Bom Beck polyethylens mainiing 3 om in Gametsr, Fazh
fateal drip tube i 18 supplicd with s sormen fiter and balt slut-off valve, Latorls me sprced shoum 4,58 m apart, while 580mih pressurs sompensating emitern
are netathed in each ol overy 4546 m. Water s erdinasily pumprd from eaisting wolls or from the stresn chaneel, but it can sl be deliverod o drip rysioms
Triseny weater drpcks, Dietatls of the fvigation system dosign sonoot be msde unil the Bstonsive smapting desien b oompletz.

Diip drigation sysiems wp desirable becsuse they are offiviont wd promots mindmad wesd prowth, OF il the possibly rrigation svsrems o consider, deip brigsion
detivers watnr most effichntly. Lews efficioney means more fugl oosts 15 o piamips shnoe mior water would nesd 1o be deliverss) @ compansate Tor et fogt 1
e¥Rportion of percolstion wway Tom the planted plants, Spriskie and food irsgation promale mecessive werd goomingtivn wl growth by welting mest of the soil
surfien bebweon tees, onsating nwbility probloms ax 9 ol ofdense, wdlwends s ausd, rendering wend costrol SHTIoul o Bnpossibde. Dense woedy growil con
mub-sempels plasted seodbings and saplings and gromote bigh seden populations. (¥ mdont and wbbit popultions stirctod (o the depse cover bovoms high in the G
wear afler planting, they sometimes do significast damage by pirdling e,

Sten 7r Plantiag

1f benvers Uaslor conadensis, burros, satthe or rabbits ars commnn on or adingent 1o the site, Boncing should be instdied bafbes phusting. Beaver Toncing should be
abeut 1 o Bigh snsd e botoe kel 1y Spoctant that it be looated whare sall wil] ot shough or wash out froms wader the fonee. Dumre fensing should be atusdy
avcd ot denst 15 e dugh. I deer e numerous, cottowood and willooy ooy sheeld b fonced Individonlly with Tencing ui Jeast 2 m high,

Teoes upproprintely distibaled o 5 site are ordinurily planted i dositiss of roughly 2300300, Thiz may vary somewhat deponding on species and looations. Sell
mksting fovely should alss receive soreful consideration when determiniog planting densitios, I 2pil molsie fevels 2 kel 1 be low in yooes following planting,
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soil moisiure avallabillty may be o serious problom. Reducing plant density probally insues greater vigor albed for fewer troes pay unit ares, 44 fhis donsity, the e
wanopy shoold roh 1009 ground coverge within 4 years Cuslerion P57, Anderson and Yasguer 1991 Derser plontings renuedes e loital water por sres and
s ot bt sathin 4 veas the coverage svonlid be the same o with Ueer planisd 88 250-330ha. Oueaslonally one soos plans demwn op or demands made by those
swhir sponsos projosts it ool far 2 or 3 thoes this number of treos per heotare, Cidinerily plantdng troos In such denslties Is unvwlss bovause witlin 4 yveors they will
prervidde g0 Detter buhitsl for widiile than rees planted 21 250-330ha, WildH R responds 1o most mised labivs maxheaily when e vepelntion 5 planted -6 m
apart {Anibersnn and Olbman 1984, 1985), Shrubs surh sz kel Baochai spp, soypte willone Salix exigan, and guniibush are sometimes planted 8t 3 moapacing
aleng drrigation Hees, 1t 5 sl Jegporiant for theie planing revcpetation projects 1o il sufficiont lead e for developiment of seodlings and saplings. This
wymisideration s ofien neglected. 18 the mioloct conttacting procedurs b delved, potting the plats atarted will also be delayed. It noommily roquives 3 loast 3 roonths
1o shevelop plants of sppropriate steture Toy planting, Thus i 2 project is defayed B 1 Apnit o 1§ Juse plasting sould sof ressonsbly ke plece wntil Augest, s
et of the Bestomrwing senson would be lost, 1030 s o 3-8 vear mitigation projoct sbout 2006 of the arowing time avallnble o meet seguiroments woald be log,
{Fovimaly the potentisl & there Tor tse repoasible for tie offor 1o be Teoed with duing part of the proieot over-—at sigrificent sddifonsd cost,

Ciere we st phands oven 3w suspect thet delays am Diely, Bven this will not noseasarnily svent probloms, beomess 17 the phats nvust 530 In the preenbouse Tor an
adititonal 3 menths or 5o they oan booome vl bound, g condition sometimes reaultiog In reduced plant vigor, Absut 13 ofthe prefeots we have boon wsoshited
with were alfessod by delaved stwrte—tp the devriment of the prodect inmest of duse situstions,

Trarimental wpacts due o 2 delay bocome munifest In g varioly ol ways. Two of theme—loat growing thme s reduced vitality, were msntionsd sbove, In sioas
sucls s those whese winter ralig are extengive (250600 mun} damage te eos comes w8 the roelt of Boods. Tres planted o spring offen stiain sulllclent statre 19
resist flood Bows by G, but when planting B deleyed amtil Suly or Inter, many, perbaps mept, plamted toos get washnd out by winter fonds, Ansthey sonunon proies
wpnet dug o delaved planting i thet desleed species are not svallable in de quantities nesded. Adilitonsd plant of rese spesles st be plonted 2 Bt vear Jate,
Such trees, oF course, have 1 losg vour o sttnds bedglits required by the maligation dioieg,

Feriitizer iz plied iV sl sumpling indivates the peod CAnderson and Yastuer 19910 I fenilizer 38 usod, 3 38 mppticd in such 5 way that compatition B wesds will
b peatuived by burving feetdizer sablots bozide the root halls  planting

Plasting is usoally done in the spring or carly summer, AL this thae polted plants sre usually about S00--500 mum tall. 1o sddition, Tubex®, n protective tubdng, con
B vl 403 protect young plants, This toblng bs touted 3 having benefizial sctions of slowing competitor gt deterring brovwsing, aml foorensing waler use
sificioney, 1 honey or volve! mesquile Prasopde velutime srg 1o be plonted, protective covering o robbit foacing is 9 must, Tising of planting b sapeoan, These
species are Boguently sttacked by sucking meects eolled peylida, Those Inseets are veusily o peoblem In speing, with soserity decliniog in the hotisst maonths and e
sictrring in September or Oelaber on e Jewer Colorade River. To choumvent oatly mttacks we grow honey mosguile I our gresahouze in Valonsia, Califomia,
whare hewary mesauite are nol indigores and terefore these e oo pestlid probloms. With the onset of Bot weather ighs of 30 °C5 on the lower Colorade Rbver we
dulivergd trows from Yalenchn for planting. As saplings maturs Uiy sie bese Bkely W de from these inseas sttacks, Pavilid sisacks in Iste summer and swly 8291 may
result in balting sroeeths, Dhoath §s usually not an outoome, but stunting that remaing appererg Tor vones b comms,
Step 8: Trrigation aml Wepding

in the desert Southwast irrigation & casentinl for sovegettion. Trees planted witheut irigetion uselly die quickly booase soll mdsturs Tovels are insuificiont for
newly planted dpariun plants, Some srens near streasns o backealers sre mokst for long porisds, but such areas s Tow smdd amal and Tikely fo have surfiaoe salt
soamulntion or are subjent ta Bonding.

Zome have srgued the plented seplings shoudd Guive i naturlly ocouring mstur woes or soodliogs sre found 1o b prowing i the area. The probdom bs deg mos
o the seeds s e fusture iees produse do not geeminate sl most of Bese that do peeminate die soen thereafier, Onby o Tovw e sueoesalil s porly when
condifion g frvorsble, Such comlitions oo rely ol socurrenes 19 unprediciabds,

T ke soil mndsture conditions suitable Tor ook sndfor shrubs ot oach planting ptny, Iripation & a prectical seocssity, Irrdpation & waslly done i the moming
ab s boske vate of 33 Ldsy through § U prossere-compensating omittors. This ronuies 4 b of indgation per oy, brigating fuor in tee day mony mosult inoeath o0
damage 1o voung plants near the onls of Teterals, partioulaply durlng hee weather, Dhdng e hottost das ol vear in the lowey Colorado River valley, water sor the
ends of lnes can boeome hot onough w scald plants by 138 AM, sven while running contnunusdy sinee sunrise. Ponding 2o also soault o sealding

Esvessive ivigation can sroste o Jarge wettod ars thid serves only o preassie st Iatersl oot sl weed growtls, B e abio more sxpentive, Ingt in soare snils
with b soil maoisiure, we have found moes drvigation o be beneBioial, o Toast Por v sheet Wy 1 con prosnote Tateral e davelopmsent, Tatesal reds may ool B
engah v i repeh dopths whers soil odsture & sufliciont to sustain the oot afler bvigation i discontinued, In posely deained solls, lvkation can e dope
stgrlttently i allow Hime o waler 1o porcolste deop bitn the soll profile. Irignting ot Tess thon 30 Uday b Juadeguate oupept By wel aress whorr drainags sod sel
seintion sre Hniod,

Srrigntion is ususlly done 2 davs each seeek Tor 18004 weoks i the flest season, This allows thime for vools 1 roaeh the wintor (able. W have Tounid that many fees
e damnged during ol periods W they e ot indpated for 2 conseotive dbave. Thesfore, forluntion s extzaded 10 8 or 7 dayvs por woek during such conditions, In
{xerobe, rigation legeensy 05 devressed and everually discentinued fo promate dosmaney. We bave obaerved considerable Treore dumage in October on tonder
graowith of mesaquite sad pale vende on 2 3t on the lower Colomde River whaom v prolonged brisation and plant meowih well inte the il

Adbering s brigation sehadukes s very Imponant far the success of 2 revegetation project. Usslerwntoring and overwaioring schiove He same suloome - fathure
of the troos In survive.

Cattemwood and willow e are nover plasted where e depth o the water table, porched wator isble, o1 peompsently wet soll oxseeds 2.3 w unless sdoguate
irrigation van be suppticd on 2 peomanend basis, Iodpation duding the seovend venr is done 5 dovs por vk Trom Moy through Bepiemsber o0 an spneeded basis 1o
ensure aurvival and rossenable growth seles. Bonttoring revests S need Tor lirbistion modifionthans,

Wesding to provent competition is done as seeded during the lrdpstion poried. This ivobver hood weoiling plasting points sndd disking botwess rows or dinging
pul saligedar with & barkhoe, We beve ol horbiclde afier planting on some sites, but beowss of pepative sifects v planted tees and shrabs s practios Jow ban
disontinied,

Step B Monitering and Report

Moeiioring,  Blonitoring beging soon ofier planting and contimas for 18 wooks during the vear of planting, Plants seleciod S monitoring s those planted in the
systemntically solected smnphe holer used for the intonsive sompling. Practien] ganstical estimates of belybt and provah e oz by cpsating the smonitosing design
inn such v way Uit o rindens of ot lesst MY individualy that son BTEP 4, shove) of cach species are monliored. Helght of soch ber & determined by mensuring e
distance fomn the baw to the top of the talles up-steciched leal, Condition or quality of cach treg §s quantified oo a acale o § {poon s 4 {oscellent), Helgd snd
auality index dota e cotermd on e coenputer the day thoy are b, We then aoabyre prowih o the contest of the variation in smeeotopive! fctors o0 the site
deiermined o the vesive samplsg, Por sxample, i growth of cotlorspad or willew Is foss than expegiesd {oxpested gronwth hedng 8013 wid, varving somewhal
with nres, soif foctors, mwl spocies) we tabe Inmmedinie sleps o Improve the growth rete, We tnbe into considernthon the awtecoiogiont comditiong where s aiv
performing hotier than expetod, ao well g where oo srg ander pecforming, Orneth b olon sssociated witl an outecalogienl ster, Poor growth may be found 1o
b sssoninted with voame zoil toxture, o deep walor table, o high salinity lovels, I such coses the Bivpotheats s tust soll molsture b inadegunte o7 salinlty &
ewpasive, o brigating wounld be promptly incressed o intiease sol montue 1o diliie sd beach sales, 3 growth s found 1o be inadequaie where the water able s

aher e o bt mowe e scdoauste slsowhome, we dosrease derigation o brlgate o Goguent short intervals penctusted. b such shustions soll sengion may nod be

e
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sulfisiont. Desreasing or punsinsting irdgston allows time for soif seestion. Cilen smesral factor nosd i be considered simaltancously, We igutes oo g swerkly
B 10 prevent serious demage, Weokly monitoring slows ue @ detsot petential prabloms while they nre sil) subtle; tew Iz, ot gooh easly slage procsdurey oan be
afteresd before significant damuge soours. Routing peobloms with slowing prowth nas e usustly be toversed, siten guikly snd deamatically, by altcestion of the
irmigation eatey or dormtion, Thewsugh fenillarity of conditions on the site b oflen iudispensabde 1o selving poblems offectisely,

Slonlels of relstionships of wows dismeter (13 1 Yeight (33 Bove boen devetaped Tor wabos viparion species and gregented in Anderson ad Ol {1957 1985
For cattonwond and willow, crwn dlamelae 100 may be galfosland by

D= 0,44 4 B850 B 3.1

For noptand of Gees with crewns that have net elosed, the volume of space secupled by ntms £V oan be wstinusnd by
By 32
Sulestitating Tor 1 fom the frst couation toto the second eguation yiekds

Woe BRINL ¢ ERINE Fq 3.3

o pelationshlp betweon helght sl space oocupled by 5 teer, 08 exprossedd bn By 13, dn suck et an inssenss In holedn of larger roes mosuls 0 @ gresiet dncramss i
oeopied space than on eouad changs In Belnls of sealler pees (Fig, 320

Dgcasionatiy # iz desinable 1o have dits concorsing fuliage volome or prosent ground zover, Uss of shese pauntions grontly redunes conts et wonll pibaraise
sesrur i dals eonzeming Teliage vobang and pescent groud wover wers to by direatly smeasurod In the Beld, We we convinoss, slier many yoars of cheking, th
these calonhelod valuss men s scarale and o uselil s dheeet mepsuzoments,

denitnring in the seonnd growing seawn 15 done May through October from the original sample, We slee sssoss nvailable 3ol mobstine, Slomsmemants ot these
Hies will reveal the extent to which the prject iy be In Jeopandy, 1t i3 remonabls 1 evpect that as tim sazsas nwsriadity will fncremse connidathvely undl in S0 ar 60
vors {the natursl Tl expeetancy of vottnnssond and witlow) the mujority of the sriginal tress will be deadd, pven with the mos intensive care, AS the ond 071
grivwing seastns, msuming rigation contbnnes for ot Jeart 2 semsons, | montativy shosld b smadl, sot eageeding 5% F reganay of moniteting i subsamially
decremod It foltoweup vears. Small incremonia in monisity oon perbaps be oxpested 1o be companrsed G by nateeal peomdontion on some fevageintion sies.

i mbdhtion w subtle probiems that develng us # result of steceiogical conditions oo the siie, sier problems can be ohuepved, For eawmple, Hemiters an
Bovorming vlogged with alpue this sy be detected diming s monitering sesaion, i the foom of redured Now, of el Jack of flow, Although this probiamm wouhl
srdinurily be deterted by the frrigaton the highly sytematic procedi suecinted with wookly moniloring szeves o5 acleck and Tomcmellly teken notes B con slio
roveal the oitent of the problesy, Other problems aush s dumnge by deer, rebbits, prelfide, or oflier ingeots can be mosely soted o gumiificd, The inoursion o wends
oy lso nfien e quantified. Weekly monitering b indispensable and can ofien ad 9 the mvoldance of prabloms that e poiontiolly peajest threnteaing.
ety
Substantier reporta with quantified dats feoologiond conditions, monitoning, growth rales) should be provided, Tioms such s idemtion o planting desipns snd ealis
ol weakly monitering sre made avudiabie on an e sguestsd” basks, Hepoots hevp rvonoms fovelved abreael of praject developments,

Bengfils Galped Trom Uslng the Nige-Btep Plan

s the vours W ve dhoveloped sdint fias come 1o be nown 18 the MineStep Revegsintion Plan a3 discussed shove, Among mier things, tis phan dechudes
fairty extonsive 2ol ating wed llage o dopth o aboi 2.5 m, The siizutive i3 to phnt as Tow plants o powsible o pelnts where, beoouss o7 unzullahls
steeolopical vensditions sech e soll type or st BO levels, plants will not grow. O course the solf testing 2dds costs W n prajest, bat in the Iong nm inglmling sl
stups of the MingSiep Plan Isares mashoum sicoss whille s beeping conte rolatively fow, Seldom Bave we had i spporiunity to demonstrate sdiroetly how opr
apgroach opmpares whl the sulenme of projects swhere the decision is mads 1 alior or climinate aff soif testing. W have hasd ong very good apporiuniy 10 mak
such un evaluation. b the prajest being comparsd 1 i the so and salinity leveln wers visnodly identionl 1 those on oy s8es. Wa sampled oxtonsivaly fo the west,
cast, sl south of the project belng compared. Directurs of the profest belng compannd gheoted 30 do oo soil igsting o tillage {pers. sosnng, Asderson with prodest
directon. The Sfferrnee botsesn the shortent appoach and ours i that dechilons shout whiar 10 plant whal, using owr secibods, & hased on soi] sumgiing sl use of
wersionl tiflags,

i s it using the shostont mathodology, “honmy mesquite” Sokghi of Tive vees afier % voms averazed 167 m (S0 = 076 m, 1= 30 with spane snoupind by
bewves and lnb wsing . 3.3 on average being sbon 6.4 w3, Iy contrast boney mesquite of shout hie same ags that we plasted on 3 Jilferent prefects in the same
mrva pearngedd 4.2 m (808 = 073w, W 20 tal) with Sliage volume ol the mvanige tee oosupying 132 m3. This sur toey averaped 5755 afler nod ooonpled 328%
mie spawe. For sorpwbenn the shortost approsch lod s Hve troes with 2 mcan height o715 m 050 = 0,76 4, B = 7Y amd the avprmge fres ousupied HE m3, in
comtrnt sorewhens 0f wboitt the same age that wo planted on 3 different projects i the same ares averaged 4 m 2503 = 6,71 m, M = 1295 sl with Toliage velome of
e mverags e pooupying 180 m3. Thus eur troes pverped 1149 tallor with 147% more Soliage volumme, Ta 2000 e differences butuuen proieeis invalving the
bine-Siep Phn showed fhntber incresses and the difforences botwoen prajests emploving the Mine-Step Plan and tese disaussat shove aing e shost-cut
misthodalogy inomeased oven morn (8. W, Anderson snd . 8. Bassell, Unpublished duts),

E3id wut noss Jmasive approsch vickd reenlts that warrsnied the additionat offor? {We know pothing about sosts o the prajest waing the shoviout methedology)
The anawer lvabes s sensslentific vales Judgment that we will leave up 1o otlors e make, 1 3 our methodolory tat seeounts for the dbserved diffrences? Dy
data for the comparison coustinge results S 8 ressonebly (7 aceidentallyd well dosipned means of comparison, Thorefher we wish emntively congude Yt it is
the mcthelology that seosvated for the difforense, Any of the 3 pmjects wsing owr intongive mithodology sipnificantly cotdistneed reulls obinined with the shortan
muthodology,

Halatbve o wer by witdlife, suffioe 1 40 say that we have published many papers {for oample, Anderson, Ohmast, snd Riee 1953, Ripe, Anderon, mas Chmu
R4 L dhvewnmenting he association brtveoon dntreazing bind densities with invresing folisge volume for 2oy sives tees apexics. The same was shown o be Hie e
five wildlily b gosrad inom repont anmmaziciog o deoade of our feideark on the hoewer Coloade River [Andurson and Cmart 1900,

Lreastongity othey seglzrs bave claimed 1o bave wsed the S Step Plan in thelr reegetation offiots when, in s, they o shonouts tha segated sch chibms, Por
example tn al least one instonte Yzes 1o be mosituad were oot plasted ot the points where soi dotas wors sollecied, This along segales o olalm o have inplemening
the project with the bline-Step Plan. it also mesns tt e weckly monitoring during i inld season cnnest smatlstlondly be seled 10 pomdiliens on Sie sl and this
apstoyming affects mny report (STEP ¥ sosulting fhoen the o for Similacly, in moother complex projost e sample of mositered troes wis top sl &0 Individunls
of pach specied) 1o be ssefil in any messingfint way, sither Tor pealunting e progress o0 the site or S separting mlationships botwren prowth, survival and site
sonditions. These 2 esamples Hostrate fitie o Sy kuploment ot leost 2 stops ech thas segating sny claim for having implesmented the 2lineBtep Plan, i
witfostunate it thesy chaima are mads and those projeats Tail—an outzome predicted 1o be Hkel 5 when the Mine-Blep Plan is ool Bdly implementnd--they might,
nonethelons be asacised with the Nise-Step Flan hecmis of the spermrs foespensitie and porisps uneticsd elsbms. We supgest thel ualess 519 sy s followed
i detaid B8 dn dnsppropriale to clabm et the MineStep Plan wis used.

Bummary
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The Mine-Bin Plan s ww.;,amz;m By ;mm)};gma fot egvegetation projerts and includes resomch, Combining the practioal aspeet of ding Jevepelation projects
with research mw.:‘f:mf% the needs of verious ripasian pant species allowed w2 o prubally develop, with rsomile oonflienue, » 201 ol ehmisiances wder which
at fenst the mmjor ripurion plad species shanld be phanied, The data crllvztion poriod haes spened rmor his 26 yoan. The sesdts of this work are sproad over the
pext several shuptens of this beok, The Mise-Step Mlan, in chronological onder, inchedes o prelhminary analysis o s glte 1o doterming it sultabitiny B revepaintion,
meopagation of plas b be planted, sl proparation, Inchaling clearing snwanivd vegetation, infensive sofl sampling fo sliow mapping e distribution of sals ang
sther faciors acsoes the site, Drigation system design and futaiiation, planting, brigation and weeding, smoniioring, ssd report,

i

APPENDIX 2. Eguations for caleolnting surface soil fexiure and EC,

Surface Soll Texture, The suribes soll texture can be enleulated as:
51 = 4,865 + §.39754
Where 51 refers o subsurface soll texture, 0,863 5 a constant, and 54 15 the subsurface soil texture. Al elemenis of the equation are

statistivally significant st & = <0001, The standard error of estimate i3 0,72 indicating that the true value could vary, plus or minus,
this amount. This Is sulficiently securate for current needs.

Surface Electricnl Conductivity, Surface electrical conductivity con be caleulnted from the fallowing sguation:

FATY e iﬂi»&i%& + BaITipIofae » SRS IBP0T)

.?y

ECA = surfiee soil slectrion! conductivity, BCd = !kiiﬁwi‘l 1o log 10 of subsurface soll eleatrleal conductivity, Exiﬁ?i*i@?’ Folog el
the soil meisture 3-4 feet below the surfice, In the equation R« 0,834, sdinsted B2 = 0,684 and overall equation is statistically
significant at P = <0001, The probability nssocinted with the constant was 0.085; Igt0ECA, <0001, and Ig10PCT, 0.012, The
standard error of the esthmate was 15 mmbos/om meaning that the egumtion genersted sstimte is acourale 1o plus or minus 1,3
munhegfom, which i satisfactory Dor our purposes,
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